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After long-term testing (up to 16 kh) under practical operatingconditions,

SOFCcathodesbasedon lanthanumstrontiummanganite(LSM, (La1ïxSrx)1-

yMnO3±ŭ) exhibit microstructuralchangesthat might leadto a decreasein cell

performance:

Å Changesin phase fraction and their distribution across the cathode,

particularly densification/lossof porosity near the cathode-electrolyte

interface;

Å Changesin (totalandactive)triple-phaseboundary(TPB) density;

Å Formationof freemanganeseoxides(MnOx); and

Å Interfacial chemistry, particularly LSM/YSZ at the cathode/electrolyte

interfaceandin thecompositecathode.

This researchprogramimplementsan acceleratedtesting protocol to gather

performancedatain time framesof e.g. 500h thatarerelevantto muchlonger-

termnormalcell operation(Ó5 kh). We presentperformancedatafrom button

cells with two cathodecompositionsunderacceleratedconditionsfor 500 h.

Post-testanalysisusingtransmissionelectronmicroscopy(TEM) with energy-

dispersivex-ray spectroscopy(EDXS), focusedion-beamscanningelectron

microscopy (FIB-SEM) and 3-D reconstructionshow the microstructural

changesin thetestedcells.

Cell performance versus testing time

Cell specifications; testing procedures
Å Button cells: 

Å 8YSZ electrolyte-supported 

Å NiO-8YSZ anode

Å Composition A: YSZ/LSM (10% A site deficient)

Å Composition B: YSZ/LSM (5% A site deficient)

Å Acceleratedtest conditions: sameconstanttemperature,anodeand cathode

atmospheres,andcurrentdensity

3D reconstructions after 500 h accelerated testing 

TEM w/EDXS after 500 h accelerated testing 
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volume (µm3)
4350 3700 4525 6300 5000 5096

volume 

fraction (%)

porosity 17 21.9 18.4 29 26 26

YSZ 42 42.6 43.2 33 35.5 35

LSM 41 35.5 38.4 38 38.5 39

particle 

diameter 

(ɛm)

porosity 0.20 0.40 0.42 0.46 0.45 0.38

YSZ 0.50 0.50 0.46 0.47 0.42 0.51

LSM 0.60 0.65 0.60 0.67 0.65 0.70

normalized 

surface area 

(µmï1)

porosity 26 15.7 14.2 13 13.3 15.9

YSZ 12 11.5 13 13 14 11.9

LSM 10 8.9 9.9 8.9 9.26 8.5
Total TPB 

(µm-2)
17.1 11.0 5.86 14.5 14.2 14.8

Active TPB 

(µm-2)
10.3 9.5 5.13 13.0 13.0 12.5

Microstructural parameters from 3D reconstructions of cathodes.

Summary
After 500h of acceleratedtesting:

ÁCathodeA exhibitedhigherratesof ASR risethancathodeB.

ÁCathodeA showedmoreMnOx neartheelectrolyteandin thecathodecurrent

collector.

ÁCathodeB wasmoreporousthancathodeA atall stagesof testing.

ÁLoss of porosity nearthe electrolyte,seenin cells testedunderconventional

conditionsfor >8 kh, wasnotobserved.

ÁTPB (total and active) decreasedsteadily in cathodeA, but did not change

significantlyin cathodeB.

Overall, a patternof microstructuralstability, absenceof MnOx formation,and

high TPB density coincided with lower ASR in cathodeB, in contrastwith

cathodeA.
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Data from cathodes after 500 h of acceleratedtesting. Left:

compositionA; right: compositionB. Top: 3-D reconstructions. The

front left faceis adjacentto the electrolyte. Bottom: Volumefraction

profilesof theYSZ, LSM, andporephasesacrossthecathodes.

ÅCathode Bvs. Cathode A:

ÅLower ASR

ÅHigher TPB density

ÅLess change during 
operation 

ÅMore MnOx was observed in cathode A, both at the electrolyte interface 

and in the cathode current collector (CCC).

ÅCathode B was more porous than cathode A at all stages of testing. 

EDXS after 500 h testing:LSM composition profiles

ÅIn both cathodes A and B, LSM composition was uniform across the  

cathodes and the CCC

YSZ
LSM
pore
MnOx

VoltageandASR

during 500 h of

accelerated

testing.

Cathode A

Cathode B


